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Abstract-We have developed YbgCu,0,, (YBCO)
thermometers for large area (4 mm x 4mm) electri-
cal substitution bolometers. We passivated the
YBCO with a thin Au layer and demonstrated anoise
equivalent temperature (NET) of 4 nK Hz'?. We then
used a resistor layer of NiCr alloy deposited di-
rectly on the thermometer to perform optical meas-
urements of the bolometer in the cryostat. Optical
measurements show anelectrical noise equivalent
power (NEP) of 87 pW HZz'? with a large thermal
conductance of 1.87x10°W/K. These thermometers
may be used as a real-time measurement radiometer.

. INTRODUCTION

We report on the fabrication of a highmperature super-
conducting (HTS) bolometer for eadiometeroperating at
liquid nitrogentemperaturghat can be used irthe infrared,
visible, andultraviolet regions of theslectromagnetispec-
trum. The application of this bolometeequires a large
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sity. We have previouslydemonstratedow noise inlarge
areaYBCO devices on Si[2]. However, wehave observed
that standard photolithographic processingan deteriorate
thesedevices andesult in an anomalougcrease in voltage
noise of current-biased YBCO devices on Si. Our application
requiredfurther processingnd a need tinsulate theYBCO
from the subsequent heater layer.

The vertical structure of theevices we fabricated is
shown in Fig. 1. The bolometer fabrication begins with a B-
doped Sisubstrate upon which we depo2®0 nm of epi-
taxial yttria-stabilized zirconia (YSZ) arD nm CeQ(CeO)
as buffer layers to prevent interaction betwésn Siand the
YBCO film (Fig. 1a). Thefabricatedthermometerwould
then be followed by the depositi@md fabrication of aheater
layer, which would be electrically isolated frothe YBCO
thermometer. The need for passivation with long term stabil-
ity andfor electricalisolation for the YBCO, resulted in an
investigation of a variety of insulator layers. Werked
with room-temperature grown amorphdilss and epitaxial

thermal conductance combined with low noise. The sensitiin situ films of yittria stabilized zirconiaand CeO to protect

ity of the bolometer depends on the there@miductance G to

the YBCO. Unfortunately, the amorphous filniemselves

the reservoir and the noise of the thermometer. Our goal wasre easily damaged andhot pinhole-free,thus not able to

an electrical noise equivalent pow®&EP) of 100 pW HzY2
at a chopper frequency of 10 Hz.

Our composite bolometer consists of a (4 mmem-
brane of Silicon (Si), with YBCGnd buffer-layerthin films
grown by pulsed-laserdeposition,and athin film heater
which will be usedfor calibration by theelectrical substitu-
tion-of-power method. The larggeamembranedetector is
unique for calibratedHTS radiometers because tife large G
andsimultaneously low noise temperature. Wal discuss
the fabrication issues whighresentedhe greatesthallenges
to successful device performaneehieving thermaisolation
of the detector by Si back etching, unifostnain-free deposi-
tion of large area YBCQilms on Si, andelectricalisolation
of the large area detector from the heater.

Il. FABRICATION

The YBCO is grown to a maximum thickness5df nm
to minimize themechanicaktress inherent in YBC@rown
on Si. Previoustudies haveshown the sensitivity t@nvi-
ronmentaldegradation ofYBCO films on Si, due to stress

protect the underlying YBCO fronsubsequent patterning
effects. We then developed a proc@ssed on gassivation
processthat we use successfully orBCO films on sub-
strates other than $8]) for depositingin situ epitaxial pas-
sivating SrTiQ (STO) films using amechanicalmask that
also allowed for the deposition wof situ Au contacts. Unfor-
tunately, the STQayer made itdifficult to fully oxygenate
the underlying YBCO on Sandresulted in thermometer de-
vices demonstrating a higher noise level.

Our previous studies on long term stability paEfssivated
vS. non-passivatedlosephson junctions using Awormal
metal layers [3] plus other studies on the use of Ag on YBCO
for passivation [4,5pncouraged us ttry this technique for
the 50 nm YBCOfilms on Si. Wefollowed the YBCO
deposition with ann situlayer of 20 nm thick Awleposited
by sputtering at 100C (Fig. 1b). This Auayerdoes cause
an electrical shunt to the YBCO, but it is resistant to process-
ing effects and has the addeenefit of providingin situ con-
tack for the voltageand current leads. Passivation of the
YBCO was confirmed with measurements of the noise equiva-
lent temperature (NET) ofthe thermometerbefore and after

induced by differential thermal expansion [1]. This is seen @socessing, which remained unchanged. Another added benefit

a decrease ithe film’s critical temperatureand current den-
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of this in situ Au passivationtechnique isits effect on the
thermometer NET whiclappears to béhe lowest value yet



reported for a device of this ty@ad is of orded nK Hz /2
[5].

With the passivationand long term stability of the
YBCO achieved, weow requiredelectrical isolation of the

thermometer from theelectrical substitution heater. We
a.
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Fig. 1. Vertical structurandfabrication sequence(a) The
layer sequence grown in sits: 1- Au, 2-YBCO, 3-CeO, 4-
YSZ, 5-Boron dopedSi, 6-Si (100),and 7-SiQ,. (b) shows
the structure aftepatterning the thermometer(Au/YBCO).

(c) shows the sequence with a depositethsulator and
heater/absorber: 1-NiCr or AuPd, 2-DPXN, 3-Au, 4-YBCO, 5-
CeO, 6-YSZ, 7-B-Si, 8-Si, and 9-Sid{d) shows theuse of a
directly grown absorber layeand (e)shows the result after
membrane etching.

tested anumber of different spin-on and vapor deposited
polymer films, as well as evaporated or pulsed ldsposited
materials. Waused avapor deposition polymerizatigoroc-
ess of Polyparaxylylene (DPXNjecause oits excellent in-
sulating qualities (Fig. 1c). NiCr or AuPd heater laysegn
as themeandetline in Fig. 2, were patterned byiftoff on
these polymer films. Subsequent processingcluded KOH
etching of theback side othe Si (for 2.5 hours) toproduce
the 2.8um B-Si supportingnembrangFig. 1e) that we re-
quiredfor our high conductancehigh speedbolometer. The
0.5 um-1 um thick layers of DPXN materialesulted in a
mechanicaktrain thatrupturedthe 2.8 um thick B-Siwhen
the membrane wasooled to liquidnitrogen temperatures for
testing. Thetrade-offbetween perfect electricadolation and
mechanicalstrain with thick insulator filmsover the rela-
tively large 4 mm x 4 mnarea requiredor the calibration
heaterremains problematic. Alternatively, waeposited a
12 nm thick absorbing NiCHayer directly onthe normal-
metal passivated YBCOthermometer (Fig.1d), which al-
lowed us to make optical measurements to verifyptioper-
ties of the bolometer. Theompletedbolometer (Fig. 2),
which was thermally isolated on tt#&8 um thick B-doped
membrane, was mounted in the cryostat and measured.

Ill. RESULTS

The bolometedescribedhere ,with the NiCr absorber,
was measured inthe cryostat using a 670 nmwavelength
power-stabilized diode laser scanned over the entire thermome-
ter area. With a time constant of 16.8 ms, thesice had an
optical NEP of 87 pW HZ? which is notably smalfor a
device with a large thermabnductance ol.87 x 10°* W/K,

Fig. 2. Photograph of the completed bolometer chip which is
14 mm on a side.



and exceeded our intended goal of 100 pWHzThespecif- of speed can be compensated by negative electrothfsedal
ics of the measuremetdchniqueandrecordeddatatable are back. The resulting bolometeanthen beused inmore ge-
reported in detail in Ref. [6]. We have demonstratedctire- neric applications of long-wavelength infrared detectors.
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